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ABSTRACT 
Structured light scanner (SLS) has an opportunity to be used in 3D cadastre data collection since it has affordable 
capability in capturing 3D object by means of triangulation technique. However, due to its low price, it has several issues 
when deploying the sensor, including lightning and movement sensitivity as well as inability in capturing wide planar 
surface. Thus, theresult of this affordable technology needs to be evaluated in order to comply with land administration 
requrement, as well as to be utilised in other applications including Building Information Model (BIM). The research was 
accomplished by conducting five main approaches, includingindoor data collection using kinect for windows sensor, data 
processing, room semantic database development, BIM creation, and validation by comparing Kinect data with other 
data sourcing methods. It concludes that structured light scanner can be used to create small 3D model of the room with 
some innovation in the data collection process to overcome the problems encountered. The quality of the data captured 
by the sensor has reliable accuracy comparing with other three measurement methods, including Terrestrial Laser 
Scanner, manual tape measurement and electronic distance measurement (distometer).  
Keywords : Indoor mapping, structured light scanner, 3D cadastre, building information model 
ABSTRAK 
Teknologi Structured Light Scanner (SLS) saat ini mempunyai potensi yang menjanjikan untuk digunakan dalam 
pengumpulan data kadaster 3D.Hal ini dikarenakan sensor SLS mampu merekam obyek secara 3D dengan prinsip 
triangulasi dengan biaya yang relatif murah.Namun dengan biaya murah tersebut, sensor ini memiliki kelemahan yaitu 
sensitivitas yang tinggi terhadap pencahayaan dan pergerakan.Selain itu, sensor SLS juga tidak dapat merekam obyek 
datar yang relatif luas. Oleh karena itu, evaluasi perlu dilakukan dalam penggunaannya sebagai metode pengumpulan 
data kadaster sehingga kaidah-kaidah yang diperlukan dalam manajemen administrasi pertanahan dan dalam aplikasi 
lain seperti Building Information Model (BIM) dapat dipenuhi. Penelitian ini diselesaikan dengan menggunakan lima 
tahapan, yaitu pengumpulan data menggunakan sensor Kinect for Windows, pemrosesan data, pembangunan basis data 
semantik untuk ruangan, pembuatan BIM, dan validasi hasil dengan membandingkan data yang diperoleh dari sensor 
Kinect dengan data dari pengukuran menggunakan metode peralatan survei yang lain. Hasil penelitian ini menyimpulkan 
bahwa sensor SLS dapat digunakan untuk membangun model 3D untuk ruangan kecil dengan beberapa inovasi yang 
perlu dilakukan dalam tahap pengumpulan data untuk mengatasi kelemahan-kelemahannya.Selain itu, kualitas data hasil 
rekaman mempunyai ketelitian yang cukup akurat jika dibandingkan dengan tiga metode pengukuran lain, yaitu 
Terrestrial Laser Scanner, pita ukur dan Electronic Distance Measurement (distometer). 
Kata kunci: Pemetaanruangan, structured light scanner, kadaster 3D, model informasi bangunan 
 
INTRODUCTION 
Rapid urban development impacts on the 
significant increase of high rise buildings in many 
cities around the globe. The growing number of 
apartments is primarily agglomerated in the inner 
city where all living needs, offices, business centres, 
schools and entertainment spots are located. 
Colliers International (2014) states that Jakarta 
skyline will be furnished by 28.838 unit apartments 
by 2015. It is predicted that the number will be 
accelerated by 47.269 units when constructions are 
finished by 2016 (Erawan, 2012). As such, the 
acceleration and urban environment pressure 
triggers the complexity in the building structure.  
High rise development is a part of land and 
property management. The apartments as objects 
of land subdivision consist of multiple and different 
interests and ownership which in current practice is 
represented in a two-dimensional parcel of land. 
The extent of 3D visualization of high rise 
apartments cannot be accommodated by the 
current conventional 2D parcel drawings.  It 
becomes essential since every single legal 
ownership of land has legal entities of rights, 
restriction and responsibilities (RRR) attached to 
property owners (Rajabifard, Kalantari & Wiliamson, 
2012). Representing, storing and manipulating high 
rise cadastral data, particularly those legal entities, 
are more complicated and problematics when 2D 
cadastral system is insufficient to model different 
tenures and interests of properties (Karki, 2013).  
3D Cadastre system offers solutions to address 
complexity in managing rights, restriction and 
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responsibility in land administration (see Figure 1). 
The height dimension of the building is appended in 
existing land data modeling. This third dimension 
allows the building to be separated into multilevel 
spaces of a subdivision, which provides clear 
visualization of different legal property objects 
shown property owners (Rajabifard, Kalantari & 
Williamson, 2012). Furthermore, a complete 
geometry and semantic information on legal 3D 
objects is a great asset in the land and property 
administration due to its capability in preventing 
and reducing boundary disputes and doubts. 
 
Figure 1. 3D Object Representation. (Rajabifard, 
Kalantari & Williamson, 2013) 
The tendency of moving to 3D Cadastre 
implementation in the future accelerates several 
researchers on finding 3D Cadastre data sourcing. 
The existing 3D data sourcing can be categorized in 
three major methods include range-based, image 
based and integrated approaches that combine two 
or more data collection techniques (Jazayeri, 
Rajabifard & Kalantari, 2013). However, the existing 
development of 3D data sourcing is more focus on 
the measurement of external part of the building 
and 3D objects. Indoor data sourcing for land 
administration purpose is still less explored. 
Implementation of 3D cadastre management in 
Indonesia can be seen in Law Number 16 Year 
1985 and Government Regulation Number 4 Year 
1998 about basic guidelines of technical and 
administration conditions on licensing, ownerships, 
management and monitoring of flats (residential 
high rise building). Evaluation and analysis of those 
two ordinances conclude that issuing flats certificate 
does not require field survey. It only needs to quote 
the apartment plan drawing that has been legalized 
by the authorized institution. Thus, the changes 
that might occured during the construction cannot 
be verified using this plan drawing. In other words, 
the plan drawing which is the document used to 
verify the geometry of the apartment is not valid 
since it does not show the current condition of the 
building.  
Aditya and Subaryono (2008) observe that 3D 
cadastral system has been applied in high rise 
buldings with different function and purpose other 
than residential. The applications include 
commercial use and business. However, there are 
more of 3D objects, such as public infrastructures 
that located under and above the ground, that have 
not covered yet by the regulations. Another 
important issue in 3D cadastre implementation in 
Indonesia is the absence of cadastre object 
representation in 3D drawing in the published 
certificate.  
The complexity of high rise building design that 
arise along with the high demand of  residential 
needs inevitably triggers multi-perception  and 
different understanding in viewing the 3D objects. 
This issue contributes causes in conflicts and 
problems among land owners,developers, as well as 
apartment unit owners. Thus, 3D cadastre 
documentation including as-built 3D drawing and its 
database is very essential to be built as part of 
good practice of land administration and good 
governance. The database is also a vital tool in 
managing and maintaning 3D cadastre data as well 
as to minimizing land conflicts. For instance, 
defining the units‟ boundaries and managing the 
related rights, restriction and responsibility attached 
to each part of the building will be more effective 
and efficient by utilizing the database. Thus, 
acquiring 3D data will be the fundamental part to 
embark the implementation of 3D cadastre, 
especially management of high rise building. 
The most common method in the 3D data 
collection, especially for obtaining indoor data of 
property, is terrestrial laser scanning. It has been 
notified that the use of laser scanning in capturing 
3D indoor environment is remarkable. However, it is 
considerably high cost. In addition, looking at the 
integrated system of 3D Cadastre and Building 
Information Model (BIM) which do not require 
complex and high accuracy visualization, deploying 
laser scanner for indoor mapping is surpassing the 
requirement. In addition, the rooms which the 
surveyor measures, if 3D Cadastre is implemented 
in the future, is an empty room. Therefore, finding 
alternative affordable techniques to provide and 
generate 3D data is essential.  
Structured Light Scanner is in the growing 
interest due to its capability to provide depth data 
of an environment or an object. It uses 
triangulation concepts to model 3D object. 
Meanwhile, Kinect is a leading sensor for the 
structured light system since it provides affordable 
price and reliable accuracy for a small range of 3D 
data. Comparison with a Terrestrial Laser Scanner 
indicates that Kinect provides an excellent quality of 
data (Kholshelham, 2011). Thus, Kinect sensor has 
a big opportunity to be used by surveyors for 3D 
data collection as well as to minimize expense and 
technique of 3D data measurement in land 
administration practices (Rattray, 2013). 
Furthermore, by appending semantic information of 
indoor building, 3D indoor data generated by Kinect 
Evaluating the Use of Low Cost Structured Light Scanner for Indoor Mapping  ............................................................................ (Tyas) 
47 
sensor can be combined to create Building 
Information Modelling, which is useful in 
accommodating rights, restriction and responsibility 
of the entity owners.  
3D Cadastre and Indoor Mapping 
As has been mentioned in the introduction, 
Indonesia has a tendency to move toward 3D 
Cadastre model for managing land administration. 
In other words, the implementation of cadastre will 
accommodate the needs of 3D visualisation of 3D 
cadastre objects, including high rise building.  
Cadastre is used to be in two-dimensional 
parcel and can be adequately describes by two 
dimensional drawings. As the population in cities 
increase rapidly and available land to live remains 
unchanged, an unprecedented paradigm arises by 
the development of some infrastructures and 
buildings under and above the ground, for instance, 
subways, underground car parks, tunnels, and land 
subdivision strata (apartments). The right, 
restriction and responsibility attached on those 3D 
objects become problems when the existing system 
can only visualise in two dimensional drawings. The 
issues are mainly derived from the inability of 2D 
drawings to manage rights, restriction and 
responsibility on property units that are owned by 
different entity owners as well as various purposes 
in land and property (Rajabifard, Kalantari  & 
Williamson, 2012). In addition, the current practice 
of using 2D cadastre to visualise, maintain and 
store 3D cadastre objects is costly as well as 
triggers to unclarity, redundancy, and different 
understanding of stakeholders in interpreting 2D 
drawings. As such, it leads to boundary disputes 
and doubts among the ownership and the 
stakeholders. Thus, 3D visualisation plays an 
important role in the success of 3D Cadastre 
implementation, especially in represent complexity 
of 3D RRR in multi development (Shojaei & 
Rajabifard, 2013). Even though, there are more 
concern and research in outdoor 3D objects than 
indoor data management, 3D cadastre will not run 
the roles and not fully benefitted if indoor mapping 
is not available. In other words, for better 
managing rights, restriction and responsibilities that 
bound land owners, 3D indoor mapping is also an 
essential data that need to be provided. 
Lastly, 3D Cadastre should be developed not 
only for land administration, but also for other 
purposes includes land value, land tenure, land use, 
and land development. Those extents of 3D 
Cadastre purpose emphasize the needs of 3D 
Cadastre to produce intelligent information such as 
architectural, geometric, semantic and survey 
information (Jazayeri, Rajabifard & Kalantari, 2013). 
The most popular use of 3D property management 
is Building Information Modelling (BIM) for existing 
buildings.  
Modelling (BIM) 
In order to avoid and reduce data redundancy 
that may lead to boundary issues and disputes in 
3D land administration and stratified property 
management, an integration of land administration 
information with BIM is required. It is expected that 
this combination model will enable stakeholders 
(property owners, developer, architects, land 
administrators, and business owners) to have 
access to up-to-date 3D data model as well as allow 
them to manage sharing and alteration related to 
building information, including property ownership 
and its legal entities.   
Building Information Model (BIM) is a growing 
paradigm since demand for building management 
and maintenance increases. BIM is defined as a 
method in managing physical, geometrical, 
functional and semantic information of a building 
using digital representation along the building‟s life 
cycle (Steel, Drogemuller & Toth, 2010). BIM 
provides consistent, non-ambiguous and non-
redundant information about geometry and 
semantic information of a building (Nederveen, 
Baheshti & Gielingh, 2010). Those characteristics of 
BIM indicates that a single data would be used 
together in different fields of existing building 
application. In other words, only one representation 
of BIM is accepted as master copy and is a 
reference for all as-built building related works. The 
inevitable changing of the building system, 
including function, shape, material, dimension and 
size, is another driver in BIM implementation. A 
holistic approach is required to manage the building 
development, especially to provide reliable data for 
the best decision making for building–related 
parties. 
Skandhakumar et al. (2012) define the goal of 
BIM as a model that provides 3D information in 
intelligent geometry and a semantic building model 
which can be accessed by property and facility 
owners. An information system is essential not only 
to provide site information for construction industry, 
but also for greater benefit includes assist in urban 
management (Wang & Hamilton, 2010). The 
process in generating BIM model involves 
interdisciplinary fields, including spatial 
relationships, building geometry, geographic 
information, quantities and semantic building 
components as well as building life cycle in 
construction and maintenance (Skandhakumar et 
al., 2012). Bacharach (2006) argues that real 
estates might demand the building information in 
the map context such as cadastre, land use, 
environmental hazards, land cover, soil and 
transportation, hydrography, utilities and elevation. 
Having a seamless integration of geospatial 
information in BIM will enhance the capability of 
BIM to provide rigour structure for collecting, 
processing, storing and aggregating multiple 
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datasets which has interoperability to be shared to 
stakeholders in all level (Wang & Hamilton, 2010). 
Structured Light Scanning 
However, an accurate and up-to-date data as 
an important requirement of 3D Cadastre – BIM 
integration in another extent is a high cost process. 
Moreover, it is also a holistic process involving 3D 
data acquisition, processing and visualization as 
well as 3D Cadastre database to allow land data to 
be managed and manipulated in three-dimensional 
perspective within continuous timeframe. Thus, the 
data collection, which is the first step in establishing 
3D Cadastre framework, is an important point to be 
investigated. More importantly, the current use of 
Terrestrial Laser Scanning of 3D as the data 
sourcing technique surpasses the requirements, yet 
expensive to undertake for cadastre purposes. 
Structured Laser Scanner offers affordable 3D data 
acquisition data and potential reliable accuracy 
generated by a triangulation method used in 
sensors. 
Structured Light Scanning (SLS) is one of 
active vision sources that has a projector and a 
camera as the main components. The projector 
works in projecting coded-stripes‟ pattern, whilst 
the camera is in charge of capturing an image of 
objects (McIvor & Valkenburg, 1997). The coded-
stripes‟ pattern generated by the projector has 
corresponding stripe value (stripe number) with 
pixel coordinates of an image produced by the 
camera. Having the SLS parameters, triangulation 
of a plane in the real world constructed by the 
stripes value and a ray generated for each pixel 
define a unique 3D position in the real world 
(McIvor & Valkenburg, 1997). Triangulation 
provides high accuracy in coordinate determination. 
However, the distortion in the lens projector 
produces slightly curved projected plan in the real 
world. In the same case, displacement from the 
actual position of the image ray is a result of lens 
distortion in the camera (McIvor & Valkenburg, 
1997). Furthermore, performing calibration is 
important since some investigations prove that 
minimizing lens distortion by camera calibration 
significantly improves accuracy of 3D data 
generated by SLS. 
Kinect for Windows 
As a prospective source in 3D data acquisition, 
structured light sensor has been developed by 
several companies with different features and 
excellences. Kinect for Windows as one of the 
leading structured light device has surprisingly 
attracted many researchers due to its affordability 
and capability in generating dense 3D data. This 
device is a developed version of Kinect Xbox 360 
which was originally used for a gaming console. As 
the newer version, Kinect for Windows is designed 
as a PC-centric sensor, which assists developers to 
establish their own code and customise their 
desired applications in depth data, body motion and 
human gestures (Jana, 2012).  
Kinect for Windows has six key components 
which are color camera, infrared (IR) emitter, IR 
depth sensor, tilt motor, microphone array and LED 
(Jana, 2012). The color camera has function to 
capture and stream color data by detecting red, 
green and blue colors from objects. Jana (2012) 
describes that maximum resolution of the color 
stream is 1280 x 960 pixels at up to 12 frame per 
second (FPS). The color camera supports 57 
degrees and 43 degrees coverage area in the 
horizontal and vertical angle, respectively. IR 
Emitter and IR depth sensor are key parts in 
reconstructing 3D objects. IR Emitter is a projector 
that invariably radiates infrared light in a pseudo-
random dot over all things in front of it. The IR 
depth sensor reads the dotted light reflection from 
objects and converts them into depth information. 
The depth data is acquired by distance 
measurement between the sensor and the object 
where the IR dot was read (Jana, 2012).  
However, there are some issues when 
incorporating Kinect sensor in 3D data sourcing. 
Khoshelham (2011) found that the resolution of 
data generated by Kinect sensor decreased and 
random error increased in line with the further of 
sensor position towards the target objects. His 
methodology was by investigating a series of planar 
dimension distance from 0.5 m to 5 m with interval 
0.5 m to assess the random error and data 
resolution.  In addition, Rattray (2013) discovered 
that Kinect sensor has incapability to capture a wide 
planar surface, including wall and ceiling, due to 
low geometry of those surfaces. He also compared 
the accuracy between one complete scan data and 
multiple aligned scans and concluded that the 
comparison has no significant deviation given that 
the single scan has a slightly greater accuracy than 
the aligned data.  
Despite of the resolution‟s shortcoming of 
Kinect sensor, the accuracy resulted from the 
sensor measurement is impressive. An investigation 
of Kinect sensor potential to build a 3D environment 
of workspace was conducted by Dutta (2011). He 
compared the accuracy of Kinect data with the 
Vicon motion capture system. The result convinced 
the reliability of Kinect data since it generates 
greater accuracy than Vicon data. In addition, 
Khoshelham (2012) evaluated the reliability of 
Kinect sensor by direct comparison with the 
terrestrial laser scanner in a 3D indoor mapping. He 
also investigated the effect of lightning in Kinect 
measurement by conducting two measurements in 
daytime and night where low lightning exists. Night 
data produced a negative effect in Kinect sensor‟s 
ability to capture the 3D data of the room. His 
research concluded that a properly calibrated Kinect 
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sensor has less systematic error when compared 
with laser scanning data.  
Reverse Engineering 
Having those excellent and adverse updates of 
Kinect sensor, the 3D reconstruction process is an 
important stage that should be taken into account 
to bring 3D data generated by structured light 
platform to intelligent 3D model that is usable in 
land administration and  BIM purposes. This 
process which is commonly known as reverse 
engineering determines the final shape of the 3D 
model. Reverse engineering is a process for 
creating representation of existing engineering 
systems into engineering models and concepts 
(Varady, Martin & Coxt, 1997). Sequence processes 
are needed in generating reliable models from data 
capturing (collection) until data visualization. 
Varady, Martin and Coxt (1997) discuss that the 
final goal of reverse engineering is to obtain 
intelligent features which provide not only the 
knowledge of the shape, dimension and other 
semantic properties, but also availability to define 
geometry quantities, such as volume and surface 
area in order to modify and analyse.  
To conclude, the structured light sensor has a 
great potential to provide affordable data sourcing 
with systematics errors involved that can be 
addressed by the proper calibration. Whilst, some 
investigation should be undertaken to further 
overcome the limitation of lightning issues. Thus, 
reliability and practicality of Kinect sensor in land 
administration and building management 
application can be comprehensively assessed 
including data processing, 3D solid modelling and 
the basic model in the BIM version. 
METHOD 
The methodology of this research involves five 
main approaches, which are data collection, data 
processing, semantic database development, BIM 
creation, and validation by comparing Kinect data 
with other data sourcing methods. Those steps 
aims to investigate the practicality, efficiency and 
problems in using affordable structured light data in 
establishing 3D solid model for land administration 
purpose and basic data of building information 
modelling.  
A computer laboratorium was used for data 
acquisition. The dimension of the room is 
approximately 8 m x 7 m x 3 m with an irregular 
shape and is filled with some stuffs and furniture, 
such as computers, desks, chairs, bins, cable, 
curtains, whiteboard, and cable network. The 
arrangement and condition of the room is another 
challenge in obtaining 3D data that also a benefit to 
investigate the ability and practicality of the Kinect 
sensor in working with a different type of scenarios. 
Equipment 
1. Kinect for Windows sensor, an affordable depth 
sensing camera that has capability to capture 
colour and depth image simultaneously (Jana, 
2012).  
2. FARO Laser Scanner Focus3D X 130, a terrestrial 
laser scanner used for data validation.  
3. Distometer, a distance measurement based on 
laser reflection. 
4. Kinect SDK version 1.8, a software development 
kit that provides drivers for connecting the 
Kinect sensor with recording software (including 
Skanect) in Windows 8 operating system. The 
SDK also allows Kinect developers to build 
Kinect-based application by providing tools, 
APIs, device interfaces, and code samples 
(Microsoft, 2014).  
5. Skanect Pro 1.5, a software used to record 
scanning and export point cloud and/or mesh 
data. 
6. SCENE, a point cloud processing software that is 
specially used to manage and process FARO 
(2014) Laser Scanner data (in *.fls format) 
7. Meshlab, a free software used for data editing, 
especially noise and unwanted stuff removal, 
hole filling, and scan registration (alignment). 
8. Geomagic Design X, a reverse engineering 
software to create 3D solid model from a 
generated point cloud of both Kinect and laser 
scanner. 
9. Autodesk Revit Architecture 2015, a Building 
Information Modelling software to develop 
intelligent features from 3D solid model. 
10. Personal computer (laptop), a platform for 
running data collection, data editing, 3D 
modelling, and reporting software. 
Data collection 
1. Kinect for Windows sensor was connected to 
laptop and the main power with Skanect 1.5 was 
run to record the scanning. 
2. Skanect 1.5 has already featured by automatic 
calibration for Kinect for Windows sensor 
reducing required time for surveyors and users.  
3. The arrangement was required before the 
recording started for both software and room. 
a. The setting in the Skanect was set in „Room‟ 
scene with the largest possible bounding box 
(8 m x 8m x 8 m) to allow the software 
capture more than 180 degrees horizontal 
measurement. Recording feedback was 
processed in CPU since the notebook does 
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not have separated video graphic card to 
make GPU working. Feedback quality was set 
in medium due to compatibility with the used 
of CPU. Depth and color mode was selected 
to generate true color of mesh and point 
cloud data. 
b. Based on identified issues in the preliminary 
measurements, an additional setting of the 
room was required to address error due to 
insufficient geometry in a planar surface by 
attaching cardboards on the potential flat 
features such as wall and doors (Dutta, 
2011). In addition, some features that have 
the same shapes and in adjacent position 
need to be differentiated by placing an object 
in one of the features so that the sensor 
would not align and record them as a single 
feature. In order to minimise error due to 
sensor movement sensitivity, the Kinect 
sensor was placed on the wheel-chair and 
placed higher above the table to allow better 
angle to capture the room. 
4. Three separated measurements were taken 
since a single measurement generated very big 
distortion. It is important to ensure that each 
scan has an overlapping area to each other to 
allow registration and alignment in the next 
processing. The overlapped area must have 
significant features that can be identified easily, 
such as corners of the wall, window and door. 
5. Simple colorization was applied to the mesh. The 
data was exported to common mesh format, 
which are *.ply or *.obj, for further data editing 
in mesh and point cloud processing software. 
Data processing 
Data processing stage was divided into two 
steps. The first step is the data editing, while the 
second step is 3D solid modelling of point cloud 
data. 
The mesh data in *.ply format was imported in 
Meshlab. Data editing covered noise removal as 
well as furniture and unwanted stuffs cleaning, such 
as desks, chairs, computers, and bins. In 
addition,mesh alignment was performed in Meshlab 
by points based matching method using Align Tool. 
The three separated meshes were registered and 
aligned to construct the 3D mesh model of the 
room. In order to obtain a single registered and 
aligned mesh from those three data, mesh 
flattening was performed in Meshlab. The result of 
data editing shows that there are distortions in 
some features (see Figure 2 and Figure 3). 
The final edited data in *.ply format was 
imported in Geomagic Design X. The import display 
allows to choose the setting of data that would be 
lied in the main processing window. The mesh data 
from Meshlab can be opened as mesh data or point 
cloud. The point cloud type then was selected due 
to its flexibility in modelling and less heavy data 
used. A scaling then was applied to the point cloud 
data to obtain a correct measurement unit. 
Subsequently, 3D reconstruction was performed by 
creating plane reference to develop the room‟s 
features by selecting minimum three point clouds in 
the same feature. Many tools used in this stage are 
the 3D sketch, mesh sketch, surface sweep, trim, 
and extend. The final 3D solid model then was 
exported to *.igs format which is compatible with 
Autodesk software.  
 
Figure 2.The Aligned Three Scans. 
 
Figure 3.The Distorted Feature in theYellow Circle. 
Semantic database 
Simple semantic database was built explaining 
the name of relevant BIM features or physical 
properties of the room and definitions of them. In a 
further BIM system, the semantic database will be 
integrated with other related building information, 
such as property ownership, building maintenance, 
building navigation and safety, and planning. Table 
1 presents a general description of semantic 
database for small and simple room. 
Building Information Modelling (BIM) 
The 3D solid model of the room in *.igs format 
was imported in Autodesk AutoCAD 2015 to 
produce *.dwg format. In Autodesk Revit, project 
and family file (Conceptual Mass) need to be 
created (CadscopeConsultancy, 2008). The *.dwg 
format file was then imported in the family file. 
After that, the model in the family mode was load 
into the project mode created before. In the project 
file, each face of the feature was selected and 
assigned suitable Revit family, such as windows, 
walls, ceiling, doors, that build intelligent features. 
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Each family has parameters that define the 
information related to the building management, 
including architecture, construction, mechanical, 
electrical, piping, structure, and any other 
information that can be added manually depending 
on building projects and application requirements. 
Database of each family is available by creating 
a schedule. Autodesk Revit provides databases for 
better managing the building environment 
comprising element (property) schedules, graphical 
column schedules, material take-off schedules, key 
schedules, view list, drawing list, panel schedules, 
and note blocks (Autodesk Knowledge Network, 
2014). The scheduled that linked with the model 
allows an automatic change and update when the 
model is modified. 
Data Validation 
Validation of the registered Kinect point cloud 
was compared to three other measurement 
methods, which are manual tape measurement, 
distometer, and terrestrial laser scanner. The 
selection of control measurements was varied in 
order to represent long, short, horizontal and 
vertical distances. A comparison between Kinect 
data, laser scanner and distometer measurement 
was then performed. The comparison result is as 
shown in Table 2. 
Features details: 
1. Width of red ceiling 
2. Width of long windows 
3. Width of the wall above the long window 
4. Length of long windows 
5. Length of red ceilings 
6. Horizontal line from red ceiling corner to the 
ceiling corner 
7. Vertical line from red ceiling corner to the floor 
Table 2 shows the comparison between four 
data from different methods and impressive results 
of Kinect data. Control measures are in diverse 
lengths (short and long dimension) and orientation 
(horizontal and vertical) to provide more 
comprehensive and reliable comparison. The 
deviation between Kinect with other three validation 
data is very small, with maximum discrepancies 
approximately 2.6 centimetres. The biggest 
deviation is about 4 centimetres from Kinect and 
TLS data resulting from a vertical distortion 
occurred in the area. 
Table 1. The Semantic Database for Small and Simple 
Room (Isikdag, Zlatanova & Underwood, 
2013). 
No Name of parts Definition 
1 Beam and 
column 
A concrete building elements, used 
to represent the load-bearing 
components of the structure. 
2 Wall A concrete building elements, used 
to represent the vertical 
subdivision between rooms, and 
rooms/outside. 
3 Slab A concrete horizontal building 
element, which indicates the floor 
subdivision 
4 Window Parts of a window, including casing 
and pane. 
5 Door Parts of a single door, including 
panel and casing. 
6 Material Material types, such as flammable, 
fire resistant, water resistant, etc. 
 
 
 
 
 
 
 
RESULTS 
This research has two main outputs, which are 
3D solid model and BIM model of the room. The 3D 
solid model on Autodesk Autocad 2015 is displayed 
in Figure 4. The solid model has already layered by 
existing room components, including ceilings, doors, 
windows, walls, and floors. Even though the solid 
model is segmented, it is not an intelligent data that 
is useful for specific purposes such as BIM. In order 
to create intelligent features, the solid model is then 
transformed into BIM model in Autodesk Revit (see 
Figure 5). The BIM model has embedded database 
(see Figure 6) comprising all room components 
which can be automatically altered once the model 
is revised and added. Furthermore, there are other 
databases that can be created for BIM management 
purposes. For instance, managing and organizing 
each component of the room can be more effective 
and efficient by using semantic schedule. Figure 7 
describes semantic database of walls. The database 
consist of number of walls that is on the room as 
well as area, volume, cost, and other related 
qualitative and quantitative measurements. 
Table 2. Comparison of Measurement Methods. 
Features 
Measurements (metres) Deviation (metres) 
Kinect TLS 
Tape 
Meas 
Disto Kinect - TLS Kinect - Tape Kinect - Disto 
1 0.6436 0.6440 0.6300 0.6440 0.0004 0.0136 0.0004 
2 0.8985 0.9180 0.9400 0.9100 0.0195 0.0086 0.0115 
3 0.8977 0.8985 0.9000 0.8970 0.0008 0.0023 0.0007 
4 6.2914 6.3160 6.2950 6.3050 0.0246 0.0036 -0.0136 
5 6.5609 6.5631 6.5350 6.5650 0.0022 0.0259 -0.0041 
6 3.7302 3.7700 3.7530 3.7520 0.0398 0.0228 0.0218 
7 2.5576 2.5528 2.5500 2.5510 0.0048 0.0076 0.0066 
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Figure 3. The Layered 3D Solid Model of the Room in 
AutoCAD 2015. 
 
Figure 4.  The Bottom View of the Semantic Family 
Attachment of BIM Model in Revit 
Architecture. 
 
Figure 5.  Multiple Category Schedules Containing 
Features in the Room. 
 
Figure 6.  Family Schedules as Tabular Display of All 
Walls Constructing the Room. 
DISCUSSION AND EVALUATION 
1. Software and Hardware Options 
Skanect is a continual developing software 
which improve the performance by releasing a 
new version. The version 1.5 used in this project 
has some shortcomings, such as sensitivity on 
planar surface and movement that can be 
addressed by using the newest version, Skanect 
1.7. However, the automatic calibration features 
in both version have significant difference. From 
observation and several data collection using 
different objects, include the computer room, 
Skanect 1.5 has a better result than Skanect 1.6 
and 1.7 in terms of the distortion. As such, to 
provide less distorted scan, it is recommended 
that manual calibration of Kinect sensor is 
conducted before undertaking measurements 
even though automatic calibration is available in 
the data recording software. In regards with the 
hardware system, this project deploys many 
graphical software and deals with huge and big 
data, the use of a high specification the personal 
computer is recommended. For instance, the use 
of GPU, instead of CPU, in the data recording 
setting in Skanect is highly recommended to 
improve the speed of measurement (recording), 
especially when obtaining high quality data and 
therefore can reduce the movement issue in the 
sensor. Another issue that need to be consider is 
that editing and modelling point cloud into 3D 
solid model requires high memory data and 
reliable video graphic. However, the data 
obtained in this research was taken by using 
CPU due to unavailability of graphic card in the 
laptop used in this project. 
2. Data acquisition 
Data acquired with high feedback in Skanect 
is preferable since it gives the most accurate 
data (most numbers of faces obtained). 
However, the use of this setting requires high 
specification of a processing platform (computer) 
and a non-built-in video graphic card to allow 
Graphical Processing Unit (GPU) mode used in 
the measurement. The use of cardboard was 
sometimes unsuccessful to overcome the issue 
in wide planar features. Irregular material then 
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was attached to address the problem. In this 
project, a squeezed paper was attached on the 
cardboard and successfully improve the 
geometry of the surface as well as prevent the 
data acquisition error.  
Another issue encountered in the data 
collection is horizontal and vertical distortion. 
The automatic calibration features equipped in 
the Skanect 1.5 is not sufficient to minimise the 
distortion. Manual calibration may require to be 
conducted before undertaking the scanning.  
In addition, the use of the tripod that was 
previously expected has the ability of 
overcoming movement sensitivity in contrary 
generated bigger distortion (displacement). The 
sensor then was taken by hand slowly move 
around to capture the diverse details of the 
room. The hand measurement also important to 
maintain a proper distance between sensor and 
targets in order to acquire good resolution.  
Furthermore,due to lightning issue and 
occlusion of furniture, all room features cannot 
be fully captured. Furniture obstruction can be 
addressed by removing out the stuffs, which 
cannot be done in this project. Room lightning is 
a complex issue since it involves room 
orientation to sun exposures, the design of the 
room (whether it has large ventilation), as well 
as the relative position (angle) where the sensor 
scans the room. It is recommended to conduct 
the measurement in a proper light exposure, 
such in the morning when there is no over 
exposure and sufficient lightning in the room. 
3. Data processing 
Having the low cost technology of Kinect 
sensor in the data acquisition, many drawbacks 
and issues arise during this step in the stage 
that incomplete and distorted data is inevitably 
generated. Therefore, the rest of the steps to 
improve the accuracy of the distorted area, to 
assist the construction of the incomplete 
geometry of the room, as well as to maintain 
good data of some parts of the room, are hard 
to be handled by cheap or free processing 
software. The use of advanced and reliable 3D 
modelling software is required. Unfortunately, 
the cost of using the software is high, both the 
price of the software and the computer 
specification needed to allow the software 
working properly. Other issues in dealing the 
Kinect data is time costly and difficulty in 
removing noise as well as unwanted stuffs in 
data editing. Especially, it was complicated to 
clean and remove the furniture‟s point cloud that 
is located very closed to preserved features. 
Furthermore, distorted features required special 
treatment that incorporates a professional 
reverse engineering software and some control 
measurements in order to check and give the 
correct dimension of the feature. 
4. BIM Creation 
The final model in BIM cannot represent the 
complete definition from the created semantic 
database. For instance, the definition the 
window in semantic database is parts of the 
window, including glass and pane. However, 
there is only outer line of the pane that can be 
drawn in the final model since scattered noise 
around the glass made unclear point clouds and 
could not delineate the glass and the pane 
properly. Likewise, the correct dimension of 
outside features cannot be represented in BIM 
since the model only capture the inner 
environment of the room, while the BIM system 
automatically builds the whole part of a feature 
both inside and outside. In this case, the width 
(thickness) of features such as walls, doors, 
windows, slabs, and ceiling cannot be 
represented correctly in BIM. A more complete 
data collection is required to address this issue. 
5. Final Product and compatibility for 3D cadastre 
application 
The data validation shows small discrepancies 
between Kinect data and other two 
measurement methods. In other words, the 
affordable Kinect sensor results reliable and 
impressive accuracy. The accuracy is sufficient 
to be used in land administration and other 
building applications. In addition, comparison 
has been made to investigate the consuming 
time for both Kinect sensor and terrestrial laser 
scanner to generate indoor BIM model from the 
data acquisition stage. The efficiency of time 
allocation between those two methods is quite 
similar in all stage, except in data processing. 
Using the Kinect sensor that generates multiple 
scans, additional time is required to register and 
align the mesh or point cloud. Moreover, due to 
incomplete data in some features, 3D solid 
modelling for Kinect data takes considerable 
efforts to reconstruct the whole object. In 
regards with the use of low cost structured light 
scanner in 3D cadastre application, the accuracy 
yielded from the sensor is sufficient to be 
deployed for interior 3D cadastre data collection. 
The room features and accessories created by 
the sensor is well segmented and deliniated for 
3D cadastre purposes. 
RECOMMENDATION AND FUTURE RESEARCH 
Having the result and discussion in this 
research, some recommendations are proposed for 
future researches and works related to Kinect 
sensor. Manual calibration before recording is 
necessary even though the data collection software 
already has automatic calibration feature. This is 
important since the proper calibration allows the 
determination of distortion‟s magnitude. The setting 
of Skanect software is to be suggested in high 
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feedback and GPU data processing is used to allow 
faster measurement and minimise the sensor 
movement issue. This setting leads to another 
requirement to use separated (non built-in) video 
graphic card of the laptop. Another field that may 
need to explore is the investigation of the 
capability, practicality and reliability of the Kinect 
sensor in capturing larger room as well as multiple 
rooms, or even a complete building to assess 
Kinect‟s opportunity to be used in 3D cadastre and 
BIM data sourcing more thoroughly. Whilst Kinect 
SDK provides capability to develop Kinect-based 
application, investigation on creating automatic 
scanning should be considered. The application 
should also incorporate some issues encountered 
during the data collection in the stage that the new 
application is able to address the problems, 
especially the lightning and low geometry on planar 
surface issues. In addition, in order to support the 
best practice and low cost indoor mapping, 
exploration in the affordable data processing 
software must also be undertaken. 
CONCLUSION 
The research that has been undertaken proves 
that the structured light sensor has the ability to 
provide reliable and affordable data for detail 3D 
cadastre and BIM purposes for a small room. The 
use of data acquisition software takes significant 
impact on the obtained data, including setting, 
version, and automatic calibration ability. Automatic 
calibration provided by the selected and most stable 
software, Skanect, still generates considerable 
distortion. Affordability of Kinect sensor in the data 
collection needs to be supported by professional 
data processing software to maintain accuracy 
provided by the original point cloud (raw) Kinect 
data in the final 3D solid model. 
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